Abstract-Enzymic depletion of glutathione (GSH) in vitro by aniline analogs was mostly dependent on the cytochrome P-450 level in liver microsomes. In a case of acetaminophen (AAP), active metabolite of AAP formed through liver microsomal drug metabolizing enzymes consumed GSH. The active metabolite formed binds, at least in part, covalently to liver microsomal proteins. In addition, species differ ences in the extent of GSH depletion by AAP in vitro was related to the amounts of the active metabolite of AAP bound covalently to liver microsomal protein(s) by experiments using 14C-AAP.
Numerous drugs and chemicals derived from aniline are known to cause various toxic effects such as methemoglobinemia, hemolysis and hepatotoxicities (1, 2) . Acetaminophen (AAP) has been reported to be metabolized by drug metabolizing enzymes in liver micro somes to an active metabolite, presumably N-hydroxy-AAP (3-5). Mitchell et al. (6) have reported that the arylating metabolite of AAP is initially detoxified by reacting preferentially with reduced glutathione (GSH), and active metabolite binds covalently to liver cell protein after GSH was depleted (7). Potter et al. (5) have previously reported the covalent binding level to be an index of the formation of the presumed toxic metabolite of AAP. In addition, they also showed that the severity of hepatic damage in various animal species was correlated directly with the rate of hepatic GSH depletion by AAP. All these papers described only the in vivo correlation between GSH depletion and microsomal drug metabolizing enzyme activity after AAP treatment.
The purpose of the present study was to investigate the in vitro dependency of GSH depletion by aniline analogs such as AAP on the drug metabolizing enzyme activity in liver microsomes.
MATERIALS AND METHODS

Chemicals
NADP was purchased from the Sigma Chemical Co., St. Louis, Mo., and GSH, glucose 6-phosphate (G-6-P) and glucose 6-phosphate dehydrogenase (G-6-PDH) were obtained The microsomal protein was determined by the method of Lowry et al. (12) . Statistical significance was determined by Student's t-test.
RESULTS
Dependency of AAP-induced GSH depletion on drug metabolizing enzyme activity in vitro Figure 1 illustrates that little or no GSH depletion was observed when either NADPH or microsomes was absent in the incubation mixture. This suggested that the hepatic mixed function oxidase system may be involved in the GSH depletion by AAP in vitro. In fact, a significant increase in AAP-induced GSH depletion with microsomes from PB-treated mice ( Fig. 2) SKF 525-A (0.5 mM) was added to the incubation mixture consisting of the same components as described in the legend to Table 1 . Each point represents mean I S.E. for at least 4 trials. observed (Fig. 3) . Moreover, GSH depletion with mouse liver microsomes was significantly inhibited under the carbon monoxide atmosphere (90% CO, 10% 02), compared with that in air (Table 1) . These findings strongly suggest that in vitro depletion of GSH by AAP is mediated through cytochrome P-450-dependent liver microsomel drug metabolizing enzymes. 
P-aminophenol formation and GSH depletion after addition of AAP in vitro in mouse liver
There are several kinds of esterases in liver microsomes and some are responsible for the hydrolysis of AAP to p-aminophenol (PAP) (13) . As shown in Fig. 4 , AAP was de acetylated to form PAP and, PAP formation from AAP during incubation was decreased in the presence of GSH. GSH depletion by AAP in vitro in mouse liver was induced with PB and MC-pre treatnlent on the basis of GSH nmoles per mg protein (Table 2) . However, there was no significant difference between control and PB-treated group on the basis of GSH nmoles per cytochrome P-450, while, a greater increase was seen in MC-treated group than in the control.
These results indicate that the enzyme induction by MC was more susceptible to GSH depletion than PB-treatment. Consequently, it was likely that AAP was me tabolized by cytochrorne P-448 which is susceptible to MC induction rather than cyto chrome P-450 susceptible to the PB induction. Species difference in GSH depletion by aniline analogs in vitro
In the present study, aniline analogs were used for the experiments of GSH depletion because these compounds are metabolized through the N-hydroxylation pathway (1, 2, 14) .
As shown in Table 3 , the largest depletion of GSH was seen with AAP in mice among four animal species. The GSH depletion by chloroaniline was larger than aniline in all animal species, except rats. Further, acetanilide-induced depletion of GSH was the smallest among aniline analogs tested in all species.
DISCUSSION
In a previous paper we reported that AAP has characteristics of type II substrate for mouse liver microsomal mixed function oxidase and inhibited ethylmorphine N-demethyl lation in noncompetitive type and aniline p-hydroxylation in competitive one, respectively (15) . The present study first demonstrated that GSH depletion by AAP in vitro occurred only when both liver microsomes and NADPH were present in the assay mixture. The fact that enzymic conversion of AAP to its active metabolite occurred with liver cytochrome P-450 is consistent with the in vivo findings reported by the NIH group.
Data presented herein suggest that overall depletion of GSH associated with AAP metabolism was mainly due to formation of the active metabolite, presumably, N-hydroxy AAP, but not PAP because Kni value (200 mM) was extremely large. In addition, formation of GSSG from GSH could not be ruled out in control mice liver, however, no increase in the oxidation was seen in mice pretreated with PB or MC.
On the other hand, attempts were made to measure GSH depletion after addition of aniline analogs. The lowest depletion of GSH was observed with acetanilide in all animal species. Such was attributed the fact that the main metabolic pathway was found to be p-hydroxylation of the molecule in liver microsomes (16) . The significant depletion of GSH by p-chloroaniline in guinea pigs and rabbits can be explained by that fact that chlorination of acetanilide at the para position produced more N-hydroxy derivatives, which in turn, led to greater depletion of GSH.
With regard to the species difference, Table 3 demonstrates that mice were the most susceptible to both GSH depletion and covalent binding of 14C-AAP metabolite to micro somal protein. This finding is in accordance with the results reported by Davis et al. (17) .
